Background
Coping with an increasingly aged population is a challenge for healthcare providers all over the world. In 2011, 21% of the German population was aged more than 65 years, compared to 15% in 1990. No other country in the European Union has such a high rate of elderly [1] . This demographic trend is not only a challenge for internists but for all physicians involved in the treatment of elderly trauma patients.
In an American study, the mortality rate of elderly trauma patients increased 3-to 5-fold after adjusting for injury severity [2] . Age is also described as a risk factor for mortality after trauma [3] . Shifflette et al. suggested that all patients aged more than 60 years with multiple injuries and/or significant mechanisms of injury should be transferred to a level 1 trauma center. They found a three-fold increase in morbidity and a five-fold increase in mortality in elderly patients with an ISS between 0 and 15 [4] .
Elderly trauma patients have been found to require a greater amount of hospital resources compared to younger patients [5, 6] . Those with an ISS > 30 required less time spend in the intensive care unit (ICU) as a result of increased mortality [5] .
In an Australian study, the rate of severe trauma to older patients increased by nearly 5% per year, with one third of all trauma admissions being elderly patients [7] .
Elderly patients often present comorbid conditions, concomitant medication (especially anticoagulation medication), and lower physiologic reserve compared to younger trauma patients. These factors reduce their ability to respond to aggressive trauma resuscitation, and injury impact is greater compared to younger patients [8] . Concomitant medication has been shown to frequently alter the hemodynamic response to shock [9] , and, because of the absence of hypotension and tachycardia, injury severity and response to resuscitation could be underestimated [10, 11] .
To anticipate predicted demographic changes and to address an underrepresentation of the oldest patients in the literature, the aim of this study was to determine special considerations in treatment and outcome in patients aged greater than 75 years.
Material and methods

General information
This study analyzed the data of a level 1 university-based trauma center in Germany. Serving the catchment area of the Ruhr district with approximately 5.1 million habitants, it is one of the largest trauma centers in Germany. There are four level 1 trauma centers in the Ruhr district and the emergency medical system is mostly ground based, though air transportation via helicopter is available as well. For our hospital, the rate of helicopter ambulance is approximately 11%.
The data used in this study was collected prospectively for the national trauma registry, called the Trauma Registry of the German Society for Trauma Surgery (DGU). The data from the Trauma Registry of the DGU has received full approval from the Ethics Committee of the University of Witten/Herdecke in Cologne, Germany. Because the trauma registry of the DGU is an anonymous register, the Institution Review Board waived the need for patient consent. Additionally, the patients' clinical records were analyzed. For this analysis we received full approval from the Ethics Committee of the medical faculty of the University Duisburg-Essen in Essen, Germany.
Patients
Inclusion and exclusion criteria are shown in Table 1 .
Scales, general patient information, laboratory test values, and intervention data were collected for each patient as follows. Scales: Injury Severity Score (ISS) [12] ; Abbreviated Injury Scale (AIS); New ISS [13] ; Glasgow Coma Scale (GCS) [14] ; Revised Trauma Score (RTS) [15] ; Revised Injury Severity Classification (RISC) [16] ; and Trauma and Injury Severity Score (TRISS).
General patient information: Age; sex; ASA score; systolic blood pressure at the accident scene and at admission; heart rate at the accident scene and at admission; oxygen saturation at the accident scene and at admission; length of ICU stay; length of hospital stay; count of performed surgeries; administered fluid volume; proportion of multi-organ failure (MOF); proportion of sepsis; and type of injury (penetrating vs. blunt).
Laboratory test values: First hemoglobin (Hb) value; initial number of platelets; partial Thromboplastin time (PTT); Prothrombin time; base excess; and lactate.
Length of analyzed periods: Time from admission to cranial computed tomography (CCT); time from admission to whole-body CT; time in trauma room; time from admission to operating room; and preclinical rescue time (time from arriving at the accident scene to admission in hospital).
Interventions: Intubation, resuscitation, and thoracic drainage by emergency physician at the accident scene and intubation, cardio-pulmonary resuscitation, and thoracic drainage in trauma room.
To allow age-adjusted analysis, the patients were divided into age groups as follows: 76-80 years, 81-85, 86-90, and > 90 years of age.
Similarly, patients were grouped by ISS: ISS 16-25, 26-35, 36-45, and > 45.
To determine the difference between decedents and survivors, odds ratios and relative risks with 95% confidence 
Results
General results
In the observation period, 2,304 patients were admitted to the trauma room. Of these, 258 patients were aged more than 75 years. A total of 108 patients met the inclusion criteria, of which 38.3% were male. The median GCS was 6 (3-13), the median ISS was 25 (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) , the median AIS head was 5 (4-5), and the mean age was 82.2 years. 62 patients died after trauma, resulting in a mortality proportion of 57.4%. The expected mortality proportion, demonstrated by the RISC, was 54.6%. Most of the patients (29; 46.8%) died within the first 24 hours ( Figure 1 ). In addition, 15 (24.2%) died between days 2 and 5, 8 (12.9%) between days 6 and 10, and 10 (16.1%) after day 10. The in-hospital mortality was analyzed.
The primary cause of death was severe head injury, claiming 37 (59.7%) patients by traumatic brain injury. In addition, 12 (29.4%) patients died as a result of hemorrhage, 7 (11.3%) as a result of sepsis, and 6 (9.7%) as a result of MOF ( Figure 2 ).
Comparisons between decedents and survivors
Differences between survivors and decedents are shown in Table 3 . The decedents were more severely injured, having a higher ISS (26 vs. 20, p < 0.001) ( Figure 3 ) compared to survivors. Decedents suffered more severe head trauma, evidenced by a lower GCS (4 vs. 12, p < 0.001), and the higher AIS head score (5 vs. 4, p = 0.006). No differences were found in other the AIS scores.
There was no statistical difference in the ASA score, suggesting the two groups were similar regarding comorbid conditions. There were also no differences in the physiologic parameters, such as systolic blood pressure, heart rate, or oxygen saturation, whether at the accident scene or in the trauma room.
The first hemoglobin count was different between the groups, with lower values in the decedents (10.5 vs. 11.6 g/dl, p = 0.004). The coagulation values were different as well. The PTT was extended to 41.1 seconds in decedents compared to 27.6 seconds in survivors (p = 0.008). Prothrombin ratio was lower in the decedents (66.5% vs. 82.8%, p = 0.016). No difference was found in platelet counts.
Although the base excess was not different between the two groups, the lactate value was higher in the decedents than in survivors (2.9 vs. 1.6 mmol/l, p = 0.043). Categorical variables are presented as median with the interquartile range in parentheses, continuous variables as means with the 95% confidence interval in parentheses, and incidences as percentages; *significant differences.
The lengths of stay in the ICU and in hospital were shorter in the decedents. All other investigated time periods were not different.
No differences were found in the fluid volumes the patients received. In total, decedents received 2439.7 ml and the survivors received 2215.5 ml (p = 0.321). 52 patients received more than 1500 ml fluid volume. Of these, 23 presented normal physiologic parameters at the accident scene and in the trauma room (systolic blood pressure ≥ 120 mm Hg, pulse rate < 100 bpm). The blood pressure cutoff of 120 mm Hg was used, because no emergency physician might consider such a blood pressure as hemorrhage-inducted hypotension. The distribution of infused fluid volumes is presented in Figure 4 .
Decedents suffered from MOF more often (51% vs. 23.3%). Analysis by organ system resulted in a higher proportion of failure in decedents in almost every system, respiratory (56.1% vs. 23.3%; p = 0.001), central nervous system (86.4% vs. 43.5%; p < 0.001), heart and circulatory system (71.2% vs. 18.6%; p < 0.001), and renal system (22% vs. 4.8%; p = 0.018). Failure rate in only the hepatic system was not different between the groups.
The results of determining odds ratios and relative risks are shown in Table 4 . Six predictors for mortality in elderly trauma patients were identified: ISS > 25, GCS < 9, PTT > 32.4 seconds, prothrombin ratio < 70%, AIS head > 3, and Hb < 12 g/dl. The strongest predictor for mortality was ISS > 25, with a 7-fold higher risk for a fatal course. The most common cause of trauma was fall from a height less than 3 m (for decedents and survivors), followed by accidents as a pedestrian. No differences occurred between decedents and survivors according the cause of trauma (Table 5) .
Age-adjusted analysis
The mortality proportion was similar in all age-adjusted groups with no great difference to the prognostic mortality proportion, as reported by the RISC-score ( Figure 5 ). In all age-groups, the observed and expected mortality rate was 50% or greater.
The preclinical intubation proportion was different between survivors and decedents. Most decedents were intubated at the accident scene. This difference was found in all age-groups.
Looking at the group of patients aged less than 86 years, survivors had a significantly higher GCS. Only in the Figure 5 Mortality and RISC-score in the age-adjusted groups.
youngest group (76-80 years of age) did the decedents suffer more MOF than the survivors. In older patients, no difference in MOF and sepsis proportion occurred between decedents and survivors. There were no differences in AIS scores between groups ( Table 6) .
ISS-adjusted analysis
The ISS-adjusted analysis, presented in Table 7 , showed differences between decedents and survivors only in those scoring 16-25. Only 10 patients presented an ISS > 45 ( Table 7) . The surviving-proportion was only 17.1% among patients presenting an ISS > 25. The ISS-adjusted mortality proportion and the expected mortality proportion are shown in Figure 6 .
In the ISS 16-25 group, decedents suffered more severe head injury than survivors, evidenced by lower GCS and significantly higher AIS score head. Also, decedents had deranged coagulation with significantly lower prothrombin ratio and a prolonged PTT, compared to survivors.
Discussion
Predicted demographic change will result in trauma physicians being faced with a higher rate of elderly trauma patients. This study focused on severely injured patients aged greater than 75 years. Categorical variables are presented as median with the interquartile range in parentheses, continuous variables as means with the 95% confidence interval in parentheses, and incidences as percentages; GCS, Glasgow Coma Scale; ISS, Injury Severity Score; TRISS, Trauma and Injury Severity Score; RISC, Revised Injury Severity Classification; AS, Accident scene; TR, Trauma room; MOF, Multi-organ failure; PTT, Partial Thromboplastin time.
In this study, the overall mortality proportion was 57.4%. In the same time period, the mortality proportion of all treated severely injured patients in the same hospital was 28.7% [17] . When patients aged more than 75 years were excluded, the mortality proportion was 24.9%. This result in a 2-fold increase of mortality proportion, which is less than previously reported [2] .
Similar to Taylor et al. we found greater mortality associated with a higher ISS [5] . Only 17.1% of the patients who presented with an ISS greater than 25 survived. The Figure 6 Mortality and RISC-score in the ISS-adjusted groups.
median ISS of survivors and decedents were 20 and 26, respectively. Richmond et al. reported that when ISS was greater than 25, the odds for a fatal course was raised by a factor of 25 [18] . Our analysis yielded an increase by a factor 7, showing that ISS was the strongest predictor for mortality. Among AIS scores, we identified the AIS head score as the only one that differed between decedents and survivors. Therefore, it would seem that the decedents suffered more severe head injuries, and that the head injuries are the determinant injuries.
The decedents typically had deranged coagulation when arriving at the trauma room. The mean PTT was prolonged to 41.1 seconds and the mean prothrombin ratio was reduced to 66.5%. One possible explanation is that a severe head injury caused a coagulopathy because of expression of tissue thromboplastin and tissue factor from the injured brain [19] [20] [21] . Another explanation could be that elderly patients are more likely to be taking anticoagulant medication. However, this could not be confirmed in our data.
In 23 patients, the heart rate and systolic blood pressure were in the physiologic range at the accident scene and in the trauma room; however, they received over 1500 ml fluid volume in total. According to the S3 guideline of the DGU, patients with a normal systolic blood pressure should not receive fluid volume [22] . Also, Ley et al. reported a higher mortality rate in elderly patients who received more than 1500 ml [23] . We did not find this to be the case, because both the decedents and the survivors received more than 2000 ml volume. Therefore, it might be possible that the mortality proportion would have been lower if less volume had been infused.
In a recently published study, Salottolo et al. reported that lactate is a predictor of mortality in elderly patients [24] . In our study, there was a significantly higher lactate value in decedents than survivors, supporting the idea that lactate might be a predictor for mortality. However, the odds ratios showed that lactate was not an independent predictor for mortality. Salottolo used 2.5 mM as the cut-off, while we used the standard value cut-off (Table 2) .
Interestingly, only 38.3% of the patients were male. In an analysis of trauma patients without limitations to age, the proportion of male patients is greater than twothirds. In the patient group this study is based on the proportion was 71.1% [17] . In 2010, the life expectancy in Germany for males was 77.3 years, compared to 82.5 years for females. Therefore, it is to be expected that among people aged more than 75 years, the proportion of females is higher. This might also be an explanation for the relatively low proportion of sepsis in the decedents, because studies investigating gender differences report lower sepsis rates among females than males [25] [26] [27] .
Analyses of the causes of accidents found that most were of low impact, such as a fall from less than 3 m. The second most frequent cause was a traffic accident as a pedestrian. These findings are similar to other recently published studies [7, 28, 29] .
When analyzing mortality in subgroups by age, no differences were found between groups, suggesting that age greater than 75 years is not a predictor for mortality.
In our analysis, we identified six predictors for mortality in elderly trauma patients: ISS > 25, GCS < 9, PTT > 32.4 seconds, prothrombin ratio < 70%, AIS head > 3, and Hb < 12 g/dl.
Limitations
This study is limited because it is a retrospective analysis. Also, as a single-center study, there might be selection for patients treated in our hospital. To confirm these results, a trauma registry analysis with multicenter data should be performed. No statement can be made about patients who died at the accident scene or on the way into hospital because no documentation is available for these patients. This might introduce a bias, although this study investigated only the in-hospital mortality.
Conclusion
Our findings suggest that the treatment of severely injured elderly patients is a challenging one. Due to predicted demographic changes this group of patients is expected to become increasingly important. The determinant injuries were head injuries and it appears that deranged coagulopathy is an important predictor for mortality. Therefore, rapid normalization of coagulation and, if possible, establishing a medical history of anticoagulant medication use might be important in elderly trauma patients.
